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high levels of ‘background’ exposure 
in some populations can complicate the 
interpretation of serological data for endemic 
pathogens (Levett 2001). Furthermore, many 
existing serological tests are hampered by 
inadequate test performance, including poor 
specificity, reproducibility and reliability. 
For example, a study of brucellosis in Kenya 
demonstrated a poor agreement between 
serological test results from four rural health 
facilities when compared with results from 
the central veterinary laboratory (Maichomo 
and others 1998). 

Diagnosis of zoonotic infections in 
animals is also difficult in resource-limited 
settings. historically, epidemiological 
studies have relied mainly on serological 
surveys that demonstrate the extent of 
exposure in different animal populations. 
however, data gathered through serosurveys 
cannot inform understanding of pathogen 
shedding dynamics, which is critical for 
understanding zoonotic transmission risks. 
In many cases, serological assays also lack 
the specificity to differentiate between 
pathogen species or strain types. Serological 
tests cannot distinguish between infections 
with Brucella abortus or Brucella melitensis, 
for example, and there is considerable 
cross-reactivity between different Leptospira 
serovars. This lack of specificity has 
important implications for the identification 
of sources of infection and for the 
development of vaccination strategies. The 
use of culture and molecular methods for 
pathogen detection in animals has also 
been limited by many of the infrastructure 
and logistical restrictions that affect human 
disease diagnostics. In combination with a 
lack of research prioritisation, these factors 
play an important role in perpetuating 
low levels of knowledge and awareness of 
zoonotic pathogens circulating in livestock, 
domestic animals and wildlife populations. 

Delays in case presentation
Delayed healthcare-seeking behaviour of 
patients, coupled with the chronic nature 

of many zoonotic conditions, can further 
compound challenges in acute disease 
diagnosis as detection of pathogens can 
be difficult at later stages of infection. A 
study of healthcare-seeking behaviour 
among patients diagnosed with brucellosis 
in northern Tanzania revealed that just 22 
per cent of cases sought care at a hospital 
within the first month after the onset 
of their symptoms (Kunda and others 
2007). The sensitivity of blood culture for 
diagnosis of brucellosis is low even in the 
acute phase of disease and falls even further 
in the diagnosis of longstanding disease 

endemic zoonoses remain widely neglected 
in many low-income settings because their 
impact is borne largely by impoverished and 
marginalised communities (Molyneux and 
others 2011). They disproportionately affect 
people who are not only at high risk of 
pathogen exposure but also have little access 
to adequate primary healthcare (ILRI 2012). 

even when reliable point-of-care 
diagnostic tests become more widely 
available for clinical management of 
common illnesses, health facilities serving 
these communities are those least likely 
to be able to establish diagnostic capacity. 
Inequalities in access to healthcare facilities 
are also likely to be a major contributing 
factor to underdiagnosis and under-reporting 
of zoonotic disease in Africa and other 
tropical regions (Molyneux and others 
2011, ILRI 2012). Consequently, zoonotic 
diseases of impoverished communities 
continue to be overlooked in global disease 
control priorities, and the cycle of neglect is 
perpetuated by the lack of reliable data on 
incidence and impact.

Assessing the impacts
There are many steps in quantifying 
the overall impact of a given disease. 
Identification of individual cases is the first 
step in the process. Measures of disease 
incidence alone are only a first step towards 
prioritisation of investment in disease 
control to improve overall public health, as 
they do not encompass any information 
about the impacts of a disease on an 
individual or population. 

In human health, a variety of measures 
have been developed to quantify the 
multiple impacts of disease, such as quality 
of life and economic impacts of disease. 
The Global Burden of Disease study of the 
WhO and many other organisations and 
studies use disability-adjusted-life-years 
(DALYs) to measure and compare the burden 
of a wide range of different diseases and 
enable rational prioritisation of investment 
in healthcare. DALYs combine years of life 
lost to premature mortality and years of life 
lost due to time lived in states of less than 
full health to measure the impact of illness 
on an individual (WhO 2015). however, 
DALYs do not incorporate any measure of 
other kinds of disease impact, such as the 
economic costs of illness for the individual 
or society (Grace and others 2012). Crucially 
for the evaluation of the impact of zoonoses, 
DALYs do not include any measure of the 
impact of zoonoses upon animal health 
either directly or through the costs of lost 
animal productivity. These may include, 
for example, the impact of reduced milk 
production on child health and nutrition; the 
economic impacts of reduced reproductive 
success or abortion in commercially 
valuable livestock species, and the secondary 
consequences of the loss of draught power 
for subsistence farmers. 

Goats and children from 
a household in Tanzania 
in which both people 
and livestock had been 
affected by brucellosis

(WhO and others 2006). Similarly, in 
patients with leptospirosis, leptospires can 
only be detected in the blood of an infected 
person within the first week of clinical 
illness. Selection of appropriate diagnostic 
specimens is dependent on timing and 
requires careful history taking with regards 
to the timing of onset of clinical symptoms 
(haake and Levett 2015). Isolation rates 
from blood culture can be very low even 
if patients are sampled during the acute 
febrile stages of illness (Levett 2001). In the 
absence of an acute phase sample, serological 
diagnosis is complex and often inconclusive 
for most endemic zoonoses. 

Neglected diseases in neglected 
populations
Many zoonotic diseases that are overlooked 
in endemic settings are not universally 
neglected. Brucellosis, for example, has 
been well-studied and eradicated in several 
countries with highly developed commercial 
livestock sectors (Dean and others 2012b). 

‘Zoonotic diseases of impoverished 
communities continue to be 
overlooked in global disease control 
priorities, and the cycle of neglect is 
perpetuated by the lack of reliable 
data on incidence and impact’
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While frameworks exist for economic 
evaluation of zoonoses (Narrod and 
others 2012), there are currently no 
standardised metrics equivalent to the 
DALY that integrate the multiple impacts 
of zoonoses on human and animal health. 
Consequently, the burden of these diseases 
is, at best, only partially quantified and 
their significance often underestimated, 
particularly when viewed alongside diseases 
that affect only human health (Grace and 
others 2012). 

One Health approaches
Given the considerable challenges in the 
diagnosis and management of endemic 
zoonotic diseases in Africa, interest has 
been growing in the benefits of adopting 
a more integrated One health approach 
that involves both human and animal 
health sectors. The sections below outline 
the rationale, application and added value 
of these approaches. We also provide 
illustrations of the progress that has been 
made through adoption of these approaches 
and highlight some priorities for future 
work. 

Several comprehensive aetiological 
studies using gold-standard diagnostics have 
now been conducted in Africa and Asia to 
better define the contribution of a broad 
spectrum of infectious diseases to common 
clinical syndromes such as febrile or 
neurological illness. These studies invariably 
reveal that zoonotic infections cause 
substantial proportions of human illness, 
and confirm high levels of misdiagnosis 
of zoonotic illnesses (Suttinont and others 
2006, Gasem and others 2009, Manock 
and others 2009, Kendall and others 2010, 
Crump and others 2013).

For example, in a prospective cohort 
study involving 870 febrile patients in 
northern Tanzania (Crump and others 
2013), malaria was the clinical diagnosis 
in the majority of cases (60.7 per cent), but 
was the actual cause of fever in very few 
(1.6 per cent). In fact, bacterial zoonoses, 
which were not initially considered by 
clinicians in any cases, were confirmed 
through reference laboratory diagnostic 
testing of paired acute and convalescent 
serum samples as a cause of disease in 26.2 
per cent of all febrile admissions. These 
zoonoses included leptospirosis (8.8 per cent 
of all febrile admissions), spotted fever group 
rickettsioses (8.0 per cent), Q fever (5.0 per 
cent), brucellosis (3.5 per cent) and typhus 
group rickettsioses (0.4 per cent). In two sites 
(one rural, one urban) in southern Tanzania, 
leptospirosis, Q fever, toxoplasmosis and 
rickettsial infections were also identified 
as causes of febrile illness in people 
(D’Acremont and others 2014). 

Aetiological studies such as these 
help to raise awareness of the presence 
and importance of many zoonoses. 
Unfortunately, however, these studies 

typically employ diagnostic approaches 
that provide retrospective diagnoses only or 
tests that are not routinely available in many 
settings and cannot necessarily be extended 
to provide diagnostic solutions for primary 
healthcare providers.

Intersectoral communication
Many of the same endemic zoonotic 
pathogens occur widely in both human and 
animal populations across Africa and other 
tropical regions, and there is substantial 
information available on distribution 
patterns, largely through prevalence surveys. 
This is demonstrated in systematic literature 
reviews of brucellosis (Dean and others 
2012b, Rubach and others 2013), Q fever 
(Vanderburg and others 2014), leptospirosis 

factors for animal and human infections in 
different environments. This understanding 
will be important for establishing evidence-
based public health policy and in developing 
clinical algorithms for disease risk to guide 
clinicians in diagnostic test selection and 
patient management. For example, in east 
Africa the prevalence of brucellosis appears 
to be substantially higher in both human 
and animal populations living in pastoral 
communities than in smallholder farming 
areas (McDermott and Arimi 2002). 
Brucellosis should therefore be considered a 
more likely cause of febrile illness in patients 
living in high-risk communities. exposure 
to T solium infection is associated with 
community-level pig ownership and lower 
levels of sanitation. Thus, neurocysticercosis 
should be considered as a differential 
diagnosis of epilepsy where pig-keeping is 
practised in the patient’s home community 
(Assana and others 2013). Ongoing 
communication is required to enable the 
translation of findings in one sector into 
practice in the other. 

For many endemic zoonoses, we still 
have a poor understanding of specific 
risk factors for both human and animal 
infection, and this lack of knowledge 
is likely to contribute substantially to 
under-recognition of clinical impacts of 
disease in animal and human populations. 
For example, exposure to T gondii occurs 
throughout Africa, with some indication 
of decreasing prevalence from north to 
south, and from west to east (hammond-
Aryee and others 2014). however, the 
specific risk factors underlying these 
geographic trends remain unknown. Q 
fever is similarly pervasive, and although 
risk factors for animal and human infection 
have been identified in some settings (for 
example, associations with camels in Chad 
[Schelling and others 2003], and owner’s 
ethnic group in Cameroon [Mazeri and 
others 2013]), much remains unknown 
about epidemiological risk factors in 
Africa. Leptospira infections have also 

Blood sampling of 
Tanzanian livestock 
workers at risk 
of infection with 
brucellosis

‘In a prospective cohort study 
involving 870 febrile patients in 
northern Tanzania, malaria was the 
clinical diagnosis in the majority of 
cases (60.7 per cent), but was the 
actual cause of fever in very few 
(1.6 per cent)’

(de Vries and others 2014, K. J. Allan, 
personal communication), cysticercosis (Zoli 
and others 2003, Winkler 2012, Assana 
and others 2013), Toxoplasma gondii infection 
(hammond-Aryee and others 2014) and 
zoonoses overall (ILRI 2012). however, there 
is still a need for improved communication 
of information across sectors to inform 
diagnosis, clinical management and disease 
control strategies.

Many endemic zoonoses should be 
considered in the list of possible aetiologies 
for relevant human disease syndromes in 
most, if not all, parts of Africa. however, 
there is considerable local variation in 
prevalence and incidence in both human 
and animal populations globally, which 
suggests a need for greater understanding of 
local patterns of persistence and specific risk 
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been detected in a wide range of animal 
hosts in Africa, including livestock and 
many wildlife species. however, marked 
variation in prevalence and strain type 
of infecting serovars exist and little is 
known about the factors that influence 
disease transmission in a wide range of 
agroecological settings. Additional linked 
analyses of these neglected zoonoses in 
human and animal populations are needed 
to: (i) synthesise the data that are currently 
available; and (ii) reveal key features of the 
epidemiology of these pathogens that can 
only be appreciated when the true multihost 
nature of that epidemiology is explicitly 
considered.

Molecular epidemiology and new 
surveillance approaches
Increasingly, the rapid advancement of PCR-
based nucleic acid detection methods and 
high throughput sequence analysis for strain 
identification is providing new opportunities 
to understand the multihost epidemiology 
of endemic zoonoses. 

high-resolution genetic typing data 
allow the characterisation and comparison 
of pathogens present in humans and animal 
hosts, enabling identification of likely 
infection sources and transmission routes 
to people. To effectively use the disease 
control opportunities provided by these 
new diagnostic techniques (for example, 
identification of key intervention points), 
there is a need to develop novel surveillance 
approaches that enable targeted collection of 
diagnostic material suitable for application 
of these techniques. In most cases this will 
require responsive sampling of clinical cases, 
in which detection of the infecting pathogen 
is feasible, rather than cross-sectional sero-
surveillance. There is great scope to develop 
syndromic approaches to disease detection 
and diagnostics in animal populations. 
For example, livestock abortions are often 
noticed by the farmer, and thus may provide 
a memorable event around which to base a 
livestock surveillance system for many key 
zoonotic pathogens. 

Laboratory testing of diagnostic 
material from abortion events, including 
pathogen detection and molecular 
characterisation, has great potential 
for enhancing our understanding of 
the epidemiology of many infections 
in livestock populations. In the case 
of brucellosis, despite numerous 
seroprevalence surveys, very little is still 
known about the relative contribution 
of different Brucella species to the disease 
burden in both animal and human 
populations in east Africa. Being able 
to distinguish the role and risk factors 
for B abortus and B melitensis in different 
host species is clearly a fundamental and 
urgent requirement before effective control 
measures including animal vaccination can 
begin. 

Disease control at source vs  
fire-fighting
Perhaps the greatest added value to be 
gained through the adoption of One health 
approaches is the opportunity to implement 
control programmes that reduce the multiple 
impacts of zoonoses in both human 
and animal populations. Interventions 
that may control zoonotic infection in 
animal populations or prevent disease 
transmission from animals to people may 
offer more effective and economically viable 
approaches to disease management than 
those focusing on the human population 
alone. This is particularly true where 
zoonotic infections have a detrimental 
effect on household livelihoods through 
the impacts of infection on livestock 
reproductive success and productivity. 

Many effective interventions against 
zoonotic diseases are already available 
for livestock, with the potential to bring 
immediate benefits to both human and 
animal health. For example, effective 

infection as well as those least able to access 
appropriate healthcare when suffering 
from disease, a One health approach offers 
more widespread and equitable benefits 
than relying on medical treatment at health 
facilities alone.

 

Conclusion
The One health paradigm encourages a 
holistic perspective. When considering 
endemic zoonoses, this breadth of 
perspective is essential to appreciate the 
full range of impacts of these diseases that 
are too often overlooked. The non-specific 
clinical presentation of many zoonoses, 
the complexity of diagnostics for these 
diseases and the relative lack of data on their 
clinical burdens all contribute to the under-
recognition of their importance and thus to 
their ongoing neglect. 

There is considerable potential 
for the application of molecular 
diagnostic approaches to greatly improve 
understanding of the distribution and 
fine-scale transmission processes of many 
endemic zoonoses. however, even with 
the widespread availability of cutting-edge 
diagnostic capacities, the diagnosis of many 
zoonoses will remain challenging and it is 
clear that improved front line diagnostic 
capacity alone cannot be the only measure 
taken to effectively tackle the multiple 
impacts of these diseases. 

As well as efforts to build diagnostic 
capacity and improve the management 
of individual cases, there is a need to 
implement preventive and control 
measures that tackle these diseases in 
a much more fundamental way. This 
research should include studies into the 
practical implementation and evaluation 
of disease control programmes that reduce 
transmission in animal populations, control 
zoonotic diseases at their source and thus 
reduce their impacts on human health, 
animal health and livelihoods.
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livestock vaccines are available for the 
control of brucellosis, Q fever, leptospirosis, 
anthrax (Bacillus anthracis) and toxoplasmosis 
(T gondii). however, these have rarely been 
deployed in large-scale control programmes 
in low-resource settings, partly because the 
rationale for livestock vaccination tends 
to be argued only from the perspective of 
the livestock sector and in terms of private 
good to the livestock owner. Conversely, 
approaches to cost-effectiveness analysis 
of health interventions typically consider 
only the human health benefits, which 
represent only one component of societal 
benefits of zoonoses control. Incorporating 
public health benefits (for example, DALYs 
avoided), livestock production gains and 
livelihood benefits into these evaluations 
can substantially improve cost-effectiveness 
measures, and have provided a convincing 
rationale for advocating livestock 
vaccination against brucellosis in Mongolia 
(Roth and others 2003) and livestock 
interventions for control of trypanosomiasis 
(Shaw and others 2006). 

effective control of disease in animal 
host populations also has the potential to 
address issues of health equity through 
prevention of disease transmission to the 
whole community. By offering protection 
to those who are most at risk from 

‘Interventions that may control 
zoonotic infection in animal 
populations or prevent disease 
transmission from animals to people 
may offer more effective and 
economically viable approaches to 
disease management than those 
focusing on the human population 
alone’

group.bmj.com on March 5, 2015 - Published by http://veterinaryrecord.bmj.com/Downloaded from 

http://veterinaryrecord.bmj.com/
http://group.bmj.com


February 28, 2015 | Veterinary Record | 225

FeatureFeature

References
ASSANA, e., LIGhTOWLeRS, M. W., ZOLI, A. P. & 

GeeRTS, S. (2013) Taenia solium taeniosis/cysticercosis in 
Africa: risk factors, epidemiology and prospects for con-
trol using vaccination. Veterinary Parasitology 195, 14-23

BOULeY, A. J., BIGGS, h. M., STODDARD, R. A., 
MORRISSeY, A. B., BARTLeTT, J. A., AFWAMBA, 
I. A., MARO, V. P., KINABO, G. D., SAGANDA, W., 
CLeAVeLAND, S. & CRUMP, J. A. (2012) Brucellosis 
among hospitalized febrile patients in Northern 
Tanzania. American Journal of Tropical Medicine and Hygiene 
87, 1105-1111

ChANDLeR, C. I., JONeS, C., BONIFACe, G., 
JUMA, K., ReYBURN, h. & WhITTY, C. J. (2008) 
Guidelines and mindlines: why do clinical staff over-
diagnose malaria in Tanzania? A qualitative study. 
Malaria Journal 7, 53

CRUMP, J. A. (2012) Typhoid fever and the challenge of 
nonmalaria febrile illness in sub-saharan Africa. Clinical 
Infectious Diseases 54, 1107-1109

CRUMP, J. A. (2014) Time for a comprehensive approach 
to the syndrome of fever in the tropics. Transactions of the 
Royal Society of Tropical Medicine and Hygiene 108, 61-62

CRUMP, J. A., MORRISSeY, A. B., NIChOLSON, 
W. L., MASSUNG, R. F., STODDARD, R. A., 
GALLOWAY, R. L., OOI, e. e. & OTheRS (2013) 
etiology of severe non-malaria febrile illness in 
Northern Tanzania: a prospective cohort study. PLOS 
Neglected Tropical Diseases 7, e2324

D’ACReMONT, V., KILOWOKO, M., KYUNGU, e., 
PhILIPINA, S., SANGU, W., KAhAMA-MARO, J., 
LeNGeLeR, C., CheRPILLOD, P., KAISeR, L. & 
GeNTON, B. (2014) Beyond malaria – causes of fever 
in outpatient Tanzanian children. New England Journal of 
Medicine 370, 809-817

De VRIeS, S. G., VISSeR, B. J., NAGeL, I. M., GORIS, 
M. G., hARTSKeeRL, R. A. & GROBUSCh, M. P. 
(2014) Leptospirosis in Sub-Saharan Africa: a systematic 
review. International Journal of Infectious Diseases 28, 47-64

DeAN, A. S., CRUMP, L., GReTeR, h., 
hATTeNDORF, J., SCheLLING, e. & ZINSSTAG, J. 
(2012a) Clinical manifestations of human brucellosis: 
a systematic review and meta-analysis. PLOS Neglected 
Tropical Diseases 6, e1929

DeAN, A. S., CRUMP, L., GReTeR, h., SCheLLING, 
e. & ZINSSTAG, J. (2012b) Global burden of human 
brucellosis: a systematic review of disease frequency. 
PLOS Neglected Tropical Diseases 6, e1865

GASeM, M. h., WAGeNAAR, J. F., GORIS, M. G., 
ADI, M. S., ISBANDRIO, B. B., hARTSKeeRL, R. 
A., ROLAIN, J. M., RAOULT, D. & VAN GORP, e. 
C. (2009) Murine typhus and leptospirosis as causes of 
acute undifferentiated fever, Indonesia. Emerging Infectious 
Diseases 15, 975-977

GRACe, D., GILBeRT, J., RANDOLPh, T. & 
KANG’eThe, e. (2012) The multiple burdens of 
zoonotic disease and an ecohealth approach to their 
assessment. Tropical Animal Health and Production 44 suppl 
1, S67-73

hAAKe, D. A. & LeVeTT, P. N. (2015) Leptospirosis 
in humans. Current Topics in Microbiology and Immunology 
387, 65-97

hAMMOND-ARYee, K., eSSeR, M. & VAN 
heLDeN, P. D. (2014) Toxoplasma gondii seroprevalence 
studies on humans and animals in Africa. South African 

Family Practice 56, 119-124
ILRI (2012) Mapping of poverty and likely zoonoses 

hotspots. Zoonoses Project 4. Report to Department 
for International Development, UK. Nairobi, Kenya, 
International Livestock Research Institute, p 119

KeNDALL, e. A., LAROCQUe, R. C., BUI, D. M., 
GALLOWAY, R., ARI, M. D., GOSWAMI, D., 
BReIMAN, R. F., LUBY, S. & BROOKS, W. A. (2010) 
Leptospirosis as a cause of fever in urban Bangladesh. 
American Journal of Tropical Medicine and Hygiene 82, 
1127-1130

KUNDA, J., FITZPATRICK, J., KAZWALA, R., 
FReNCh, N. P., ShIRIMA, G., MACMILLAN, 
A., KAMBARAGe, D., BRONSVOORT, M. & 
CLeAVeLAND, S. (2007) health-seeking behaviour of 
human brucellosis cases in rural Tanzania. BMC Public 
Health 7, 315

LAI, C. h., ChANG, L. L., LIN, J. N., CheN, W. 
F., WeI, Y. F., ChIU, C. T., WU, J. T. & OTheRS 
(2014) Clinical characteristics of Q-fever and etiology 
of community-acquired pneumonia in a tropical region 
of southern Taiwan: a prospective observational study. 
PLOS One 9, e102808

LeVeTT, P. N. (2001) Leptospirosis. Clinical Microbiology 
Reviews 14, 296-326

MAIChOMO, M. W., MCDeRMOTT, J. J., ARIMI, S. 
M. & GAThURA, P. B. (1998) Assessment of the Rose-
Bengal plate test for the diagnosis of human brucellosis 
in health facilities in Narok district, Kenya. East African 
Medical Journal 75, 219-222

MALLeWA, M., FOOKS, A. R., BANDA, D., 
ChIKUNGWA, P., MANKhAMBO, L., MOLYNeUX, 
e., MOLYNeUX, M. e. & SOLOMON, T. (2007) 
Rabies encephalitis in malaria-endemic area, Malawi, 
Africa. Emerging Infectious Diseases 13, 136-139

MANOCK, S. R., JACOBSeN, K. h., De BRAVO, N. 
B., RUSSeLL, K. L., NeGReTe, M., OLSON, J. G., 
SANCheZ, J. L. & OTheRS (2009) etiology of acute 
undifferentiated febrile illness in the Amazon basin of 
ecuador. American Journal of Tropical Medicine and Hygiene 
81, 146-151

MAZeRI, S., SCOLAMACChIA, F., hANDeL, I. G., 
MORGAN, K. L., TANYA, V. N. & BRONSVOORT, 
B. M. (2013) Risk factor analysis for antibodies to 
Brucella, Leptospira and C burnetii among cattle in the 
Adamawa Region of Cameroon: a cross-sectional study. 
Tropical Animal Health and Production 45, 617-623

MCDeRMOTT, J. J. & ARIMI, S. M. (2002) Brucellosis 
in sub-Saharan Africa: epidemiology, control and 
impact. Veterinary Microbiology 90, 111-134

MOLYNeUX, D., hALLAJ, Z., KeUSCh, G. T., 
MCMANUS, D. P., NGOWI, h., CLeAVeLAND, S., 
RAMOS-JIMeNeZ, P. & OTheRS (2011) Zoonoses 
and marginalised infectious diseases of poverty: where 
do we stand? Parasites and Vectors 4, 106

NARROD, C., ZINSSTAG, J. & TIONGCO, M. (2012) 
A one health framework for estimating the economic 
costs of zoonotic diseases on society. EcoHealth 9, 
150-162

NDIMUBANZI, P. C., CARABIN, h., BUDKe, C. 
M., NGUYeN, h., QIAN, Y. J., RAINWATeR, e., 
DICKeY, M., ReYNOLDS, S. & STONeR, J. A. (2010) 
A systematic review of the frequency of neurocyticerco-
sis with a focus on people with epilepsy. PLOS Neglected 
Tropical Diseases 4, e870

PAUL, A., ADeLOYe, D., GeORGe-CAReY, R., 
KOLCIC, I., GRANT, L. & ChAN, K. Y. (2012) An 
estimate of the prevalence of epilepsy in Sub-Saharan 
Africa: a systematic analysis. Journal of Global Health 2, 
020405

PeTTI, C. A., POLAGe, C. R., QUINN, T. C., 
RONALD, A. R. & SANDe, M. A. (2006) Laboratory 
medicine in Africa: a barrier to effective health care. 
Clinical Infectious Diseases 42, 377-382

ROTh, F., ZINSSTAG, J., ORKhON, D., ChIMeD-
OChIR, G., hUTTON, G., COSIVI, O., CARRIN, 
G. & OTTe, J. (2003) human health benefits from 
livestock vaccination for brucellosis: case study. Bulletin 
of the World Health Organization 81, 867-876

RUBACh, M. P., hALLIDAY, J. e., CLeAVeLAND, S. 
& CRUMP, J. A. (2013) Brucellosis in low-income and 
middle-income countries. Current Opinion in Infectious 
Diseases 26, 404-412

SCheLLING, e., DIGUIMBAYe, C., DAOUD, 
S., NICOLeT, J., BOeRLIN, P., TANNeR, M. & 
ZINSSTAG, J. (2003) Brucellosis and Q-fever seroprev-
alences of nomadic pastoralists and their livestock in 
Chad. Preventive Veterinary Medicine 61, 279-293

SChWABe, C. W. (1984) Veterinary Medicine and 
human health. Williams and Wilkins

ShAW, A., heNDRICKX, G., GILBeRT, M., 
MATTIOLI, R., CODJIA, V., DAO, B., DIALL, 
O., MAhAMA, C., SIDIBe, I. & WINT, W. (2006) 
Mapping the benefits: a new decision tool for tsetse 
and trypanosomiasis interventions, Department for 
International Development and Food and Agriculture 
Organization of the United Nations.

ShIRIMA, G. M. (2005) The epidemiology of brucellosis 
in animals and humans in Arusha and Manyara regions 
in Tanzania. University of Glasgow. http://theses.gla.
ac.uk/4826/. Accessed February 17, 2015

SUTTINONT, C., LOSUWANALUK, K., 
NIWATAYAKUL, K., hOONTRAKUL, S., 
INTARANONGPAI, W., SILPASAKORN, S., 
SUWANChAROeN, D. & OTheRS (2006) Causes of 
acute, undifferentiated, febrile illness in rural Thailand: 
results of a prospective observational study. Annals of 
Tropical Medicine and Parasitology 100, 363-370

VANDeRBURG, S., RUBACh, M. P., hALLIDAY, J. 
e., CLeAVeLAND, S., ReDDY, e. A. & CRUMP, J. 
A. (2014) epidemiology of Coxiella burnetii infection in 
Africa: a One health systematic review. PLOS Neglected 
Tropical Diseases 8, e2787

WINKLeR, A. S. (2012) Neurocysticercosis in sub-Saha-
ran Africa: a review of prevalence, clinical characteris-
tics, diagnosis, and management. Pathogens and Global 
Health 106, 261-274

WhO (2015) Global burden of disease. www.who.int/
topics/global_burden_of_disease/en/. Accessed February 
10, 2015

WhO, FAO & OIe (2006) Brucellosis in humans and 
animals. 

ZOLI, A., SheY-NJILA, O., ASSANA, e., NGUeKAM, 
J. P., DORNY, P., BRANDT, J. & GeeRTS, S. (2003) 
Regional status, epidemiology and impact of Taenia 
solium cysticercosis in Western and Central Africa. Acta 
Tropica 87, 35-42

doi: 10.1136/vr.h798

group.bmj.com on March 5, 2015 - Published by http://veterinaryrecord.bmj.com/Downloaded from 

http://veterinaryrecord.bmj.com/
http://group.bmj.com


health problem hiding in plain sight
Endemic zoonoses in the tropics: a public

Rudovick R. Kazwala and John A. Crump
Jo E. B. Halliday, Kathryn J. Allan, Divine Ekwem, Sarah Cleaveland,

doi: 10.1136/vr.h798
2015 176: 220-225 Veterinary Record 

 http://veterinaryrecord.bmj.com/content/176/9/220
Updated information and services can be found at: 

These include:

References
 #BIBLhttp://veterinaryrecord.bmj.com/content/176/9/220

This article cites 31 articles, 6 of which you can access for free at: 

Open Access

http://creativecommons.org/licenses/by/4.0/
use, provided the original work is properly cited. See: 
others to distribute, remix, adapt and build upon this work, for commercial
the Creative Commons Attribution (CC BY 4.0) license, which permits 
This is an Open Access article distributed in accordance with the terms of

service
Email alerting

box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the

Collections
Topic Articles on similar topics can be found in the following collections 

 (63)Open access

Notes

http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

http://journals.bmj.com/cgi/reprintform
To order reprints go to:

http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

group.bmj.com on March 5, 2015 - Published by http://veterinaryrecord.bmj.com/Downloaded from 

http://veterinaryrecord.bmj.com/content/176/9/220
http://veterinaryrecord.bmj.com/content/176/9/220#BIBL
http://creativecommons.org/licenses/by/4.0/
http://veterinaryrecord.bmj.com//cgi/collection/unlocked
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://veterinaryrecord.bmj.com/
http://group.bmj.com

